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PBOVISIONAL SPECIFICATION 
ImprovemeU in Method of Contacting Fluids One with Another 



I James George Fife, M.Sc., 
F.B.I.C., Consulting Chemist and Char- 
tered Patent Agjmt, of Bank Chambers, 
329, High. Holborn, London, W.C.I, a 

6 British Subject, ido hereby declare the 
nature of this invention (as communicated 
to me from abrdad) to be as follows:— 
The present ! invention relates to 
methods of contacting fluids and fluidized 
10 materials and to; apparatus in which to 
execute the same;. More particularly, the 
present invention pertains to the treat- 
ment of mixtures of fluids m which 
advantage is ta^en of the formation of 

16 discrete phases. | . 

It is an object of this invention to 
oUain intimate contact between fluids or 
fluidized materials of dissimilar physical 
and /or chemical properties. It is a 

20 further object to obtain efficient contact 
in relatively short periods of time* It is 
still another object to obtain hyrh con- 
tact efficiency in relatively short distances 
of contact. It is! a still further object to 

25 form a discrete discontinuous phase of 
uniform pattern; in a continuous phase. 
Another object I is to form a discon- 
tinuous phase whose discrete fluid par- 
ticles are of a predetermined eubstan- 

30 tially uniform size. Still another object 
is the obtainment of a dispersed- phase of 
materials of finely divided fluid or fluid- 
ized character. A further object is the 
development of j a method of contact 

35 which will function efficiently independ- 
ently of varying physical or chemical 
properties of the materials being treated 
and of equipmerit in which said method 
can be carried out* Another object iB the 

40 creation of an \ apparatus capable of 
achieving various purposes with little or 
no change in fundamental design. Still 
other objects include the development of 
improved separation technique, the 

45 formation of novel rules of extraction, the 
use of simple but highly efficient equip- 
ment, and the processing of large quan- 
tities of materials ift. relatively small 



mechanical units possessed of high 
throughput capacities. 50 

These and other objects are withm the 
purview of the present invention and 
will be elaborated upon in more specific 
portions of the specification. 

The fluid or fluidized material compre- 55 
hended by this invention, hereinafter 
called ff fluids," embraces liquids, gases, 
vapors, powders and finely divided 
bodies, which are capable of forming a 
multiphase system or, more specifically, 60 
a dispersion of at least one type of 
material in a continuous phase of the 
other, which phases remain discrete 
throughout the major portion of the con- 
tact zone. Illustrative of the general fl5 
types of heterogeneous systems contem- 
plated are: gas-solid, gas-liquid, liquid- 
gas, liquid-liquid, liquid-solid, liquid- 
liquid-solid, liquid-gas-solid, gas-hquid- 
solid, liquid-liquid-gas, liquid-liquid- TO 
liquid and gas-liquid-liquid systems 
wherein the first-named constituent com- 
prises a continuous phase and the second 
constituent (with the third) comprises a 
dispersed phase or phases. Each phase 75 
may comprise a plurality of components 
such as a mixture of solvents of differing 
capacities or different degrees of selec- 
tivity, mixtures containing diluents for 
reduction of viscosity, for change in sur- 80 
face tension or interfacial tension, for 
alteration of internal density, etc. The 
fluid or fluidized material may include 
such agents as acid-acting substances, 
basic-acting substances, salts, reducing 85 
agents, oxidizing agents, halogenating 
agents, solvents of all kinds, solutizing 
agents, neutral or reactive absorbents, 
adsorbents such as clay, charcoal, gels, 
cation and anion exchange resins as well 90 
as such agents commonly employed in the 
refining, separating, extracting, concen- 
trating "and purifying of fluid type 
mixtures. 

The treatment of the materials under 95 
consideration, for tho purposes of £his - 
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invention, is undertaken in an annular 
zone formed between two continuous sur- 
faces of revolution, one being inside the 
other, which surfaces do not touch- each 
5 other, wherein either one or both of said 
surfaces. is rotated about its axis within 
a predetermined range of rotational 
velocities depending upon the property 
of the materials being contacted and the 
10 particular design, and operation of tlie 
contacting apparatus. 

The annular zone previously referred to 
and in which contact ox treatment ot the 
materials takes place, is a space formed 
15 between the outer curved surface ot an 
inner surface of revolution and the inner 
curved surface of an outer surface ot 
revolution. The axes of these two surfaces 
need not be coincident. There may be 
on more than two surfaces of revolution, 
such as a series of surfaces of revolution 
forming- for example several concentric 
sumuli. In a preferred and a specific 
rase, involving only two surfaces ot 
25 revolution about a common axis, the 
annular zone may be defined as being 
bounded by two surfaces which are formed 
bv rotating two lines (straight or curved; 
about a straight line or axis, all three of 
30 which lines meet the following «ndi- 
tions : (1) lie in the same plane; (2) have 
a definite length extending between two 
boundaries defined by two parallel planes 
perpendicular to said straight line, and 
do not cross each other within said 
definite length. For example, all three 
lines niay be straight lines, such as to 
form a zone comprising a truncated hollow 
cone, a hollow cylinder or a combination 
of one or more of these two figures posi- 
tioned adjacent each other along the 

same axis. , 

The two surf aces of revolution may be 
relatively rough, smooth, or polished, as 
4 R desired, and are' preferably positioned so 
that their common axis is not in a hori- 
zontal position, i.e. one end should be 
substantially higher than the other. 
The above mentioned differently shaped 
fin contact surfaces and annular zones permit 
varying peripheral velocities of the sur- 
faces and provide varying annular cross- 
sectional areas from one end of the zone 
to the other. These zones are applicable 
55 for contacting fluid systems.which change 
in processing in any cue or more of the 
following properties: volume, weight, 
viscositv, surface tension, ratio of the 
phases/ etc., as they pass through .the 
zone. Such changes may be due to the 
addition 'and/or withdrawal of fluid at 
one or more points along the colunm or 
due to the physical or chemical eftects 
• that occur between two fluids as they con- 
65 tinue in contact through. ±h& zone. . It is 
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desirable, however, that these changes m % _ 
shape of the surfaces should not ue 
abrupt. For systems in which the above 
variables change but little, the most 
desirable form is that of two concentric w 

cylinders. , .. * 

Regarding the physical proportions of 
the apparatus, it is desirable that the 
annular contact zone be at least twice as 
long as the internal diameter of the outer 75 
surface and it may -bo as long as. opera- 
tional and mechanical limitations 
permit. The length of the zone should be 
at least about four times, and preferably. - 
at least about 10 times, the minimum 80 
annular clearance between the two sur- 
faces of said zone. The longer the column 
is, the more theoretical stages it con- 
tains, and the lower is the loss resulting 
from " end effect " at feed inlets and at 85 
the ends of the zone, where disorderly 
distribution is initially prevalent. Ihe 
ratio of the width of annular space to the 
diameter of the inner surface should be 
not more than about 5:1 and not less 90 
than about 1 : 50 and preferably between 
2:1 and 1:10. 

In the operation of an apparatu* 
embodying one of the above-mentioned 
types of annular zones, it is essential that 95 
there b e obtained a difference in rota- 
tional absolute angular velocity between * 
any two adjacent contact surfaces. Jfor 
example, one surface may be at rest or 
both surfaces may rotate in either the 100 
same or in opposite directions. In many 
systems it is preferred that the inner . 
surface rotate at a greater peripheral 
speed than the outer surface, and the 
simplest and most preferred embodiment 105 
'is that of an inner rotating cylindrical 
surface and a stationary outer cylindrical 
surface. By varying the rate of rotation 
-of one surface of revolution relative to 
the other, it is possible to control the U0 
efficiency of contact and to diminish the 
tendency of the two phases to form 
emulsions. 

" Further, in the operation of an -appa- 
ratus embodying one of the above-men- 115 
tioned types of zones, it is essential that 
while the fluids pass through the zone 
they contact both surfaces at all times. 
These fluids may be passed through the 
zone either concurrently or counter- 120 
currently and either fluid may be fed 
continuously or intermittently into the 
zone. In the case of concurrent flow, it 
is not necessary that the two phases 
possess different densities; however, for 125 
countercurrent flow the. converse is essen- 
. tiaL Therefore, in the latter case, a den- 
sity difference of. more than about .02 
gms./oc. between the two phases is 
desirable. 130 
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For a given fluid system, the extent of 
contact I a rotary contactor ^ deter- 
mined dv -the extent to unich. tne 
Ersed phase is carried by vertices 
6 forined in the continuous phase in the 

^ponents from one phaee tc » 
10 phase per unit time per unit volume of 
inid mixture in the contact zone. 

InThTSeration of a rotary contactor 
apparatus of the type disclosed^ when .&* 
annular zone is filled with a fluid there 
. 15 a shearing force set up m the fluid 
which produces a particular type or now 
* the annular .one. In the apparatus of 

20 Si B^ce.^aad is hereinafter 

tL " statpr," the normal flow a m and 
around a ^ of paged ver ticee 
25 appearing oh douDle Qougu^ » \ 
teri) stacked axially, one on top of the 
other around the rotor. The flow of the 
fluid in these vertices w, firstly, around 
the annulus or around the rotor and 
in spcondlv around the periphery or me 
80 » Snnut " hetween the rotor and the 
etntorf ^ in a smoke ring and in such 
direct one that any )( two sections of adja- 
cent "doughnuts" rotate as though 
36 they were geared together. The width of 
hfvertex in most cases corresponds to 
the distance hetween the roto r and 
stater, so that the height of the double 
doughnut " is at least about twice this 

40 distance. , , fl v 

TTpon introducing another fluid sub 
stance into the continuous fluid m the 
contact zone, which substance forms a 
karate phase with the fluid m the a0 ne, 
45 dispersion of the substance occur?, lhe 
. *° dispersed particles are more or tese, 
carried in the paths of flow of the con 
tinuous phase in and around Jh«e 
vertices. The degree of dispersion ^and the 
50 degree to whicE the dispersed phase w 
carried in these vertices, as well as the 
rate of transfer from one phase to the 
other depend upon (1) the magnitude of 
£ shearing force in the continuous phase 
55 and (2) the relative properties ot tJie 
continuous phase and dispersed phase. 

These factors are: r.f 
1 The relative angular velocity of 
rotation of adjacent contact surfaces. 
60 2. The radii of the cor l act surfaces 

.3. The rate of flow of the phases (con- 
tinuous and dispersed) - through the 

contacting zone. -.ohiml 
4. The settling force either natural, 
65 that is by gravity, or induced, such as by 



olootroat-atie or mogaetic fields. 
' 5. The roughness of the contactor 

surface. 

0. The temperature. y 
7 The pressure. m _ TU 

8*. "The dynamic stability of the appa- 

r atu s » 

' f>. The viscosity of the phases. 

10. The density of the phases and tne 
density differential between them. 70 
31 The interfacial tension hetween the 

lJ^The adhesion tensions hetween the 
phases and cylindrical surfaces 

14. The film coefficients ot mass so. 
transfer hetween the phases. , 

14. The distribution of the distributed 
component between the phases. 

15. The pH of the system. , 
The independent factors which aftect So 

the rate of transfer of two liquid phases 
in counter-current flow for a S^ven column 
and a given liquid system are; the speed 
of rotation, the rate of flow o each pha*. 
into the stone, the phase which is dis- 90 
persed, the temperature, and the 

Pr The r relative size of the particles of 
dispersed phase to the size of the vertex 
is another factor in determining the 95 
decree to which the particles are carried 
bv"the vertex. Thus in contactors having 
the same rotor diameter to stntor diameter 
ratio, particles of a given size are moie 
•nsily carried in vertices in larger con- 100 
tactors than they would be in smaller 

contactors. , , • 

men the substance to he dispersed is 
a liquid or a gas, the shearing forces in 
[lie continuous phase cause it to be broken 105 
up into particles of a limited size distri- 
bution, which size depends also upon the 
relative properties of the two phases. 
This means that the particles of *J» 
dispersed phase ore sufficiently uniform HO 
in size and shape so that about or 
the dispersed phase is in particles haying 
sedimentation velocities which lie within 

e> _ "U ~ — 4- X f /-» A T1T11GS 



the range from about i to 4 times 



average 



the 

(the average 
V- + 



sedimeiitntion velocity 11& 
sedimentation velocity, 



)• 



wherein H is the 



H 1-H / . ,. 
holdup or volume fraction of the dis- 
persed phase in the contact zone m the 
zone, and and F.i are the feed rates of 120 
the continuous and dispersed phase in 
volume per unit area per unit time, 
respectively. The particles of the dis- 
persed phase remain at substantially the 
same size throughout their passage 
through the contact zone. 

The formation of particles of uniform 
size has the. advantage of preventing 
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einulsificatidn aad/or foaming often 
caused by the formation of at least some 
exceedingly small sized particles in 
other types of contacting apparatus. 

5 Accordingly, the process of this inven- 
tion is particularly applicable in con- 
tacting: fluid systems which, in other 
apparatus, would give rise to emulsiiic a- 
tion difficulties. , . 

10 As the relative difference m anguiar 
relocitv between the two surf acea of the 
contact zone is increased, more and more 
particles of the dispersed phase are 
carried by the vertices. Different amounts 

15 of particles carried by the vertices of the 
continuous phase form di&erent yisuai 
patterns which are a Yisuai indication of 
the extent of contact between the dis- 



persed phase and the continuous phase- 
Therefore* the pattern can be used as a 20 
way of estimating the. degree of contact 
between the two phases. 

There is a definite range of relative 
angular velocities within which efficient 
contacting is obtained and within which 25 
definite patterns are observed. This 
range of efficient contacting is the range 
of <c orderly distribution " and particu- 
larly the region in this range t of the 
" herringbone pattern." The regions and 3U 
corresponding patterns, which are 
obtained as the relative angular velocity 
between the surfaces of the contact zone 
increases from zero up to and beyond the 
range of "efficient contacting, may be 30 
described as follows: 



I 1 



616,426 




U9 

S 



o _ ft-* 



M 



o 
o 

& 



o 



d r5 



0) 

■a 



MM 



H 2 



p4 



0) 



*> p ft a 3 



M « 



o 



-2 » d 



o tc^ 

S3 



£j 2 1* 
d^ C* 

J? d ft .2 S d 

a rv»S m 

D 5 « -4«* 

o 5 -n d 



si 
si 



0) aj 

to nj 



ft 3 3 3 



CO 

" so 
. In , 
?■> 35 ■ 

d ft^ 

d 00 g 



cs -P 











, — * 


^ § 

a la 
i s 


£3 

• Ml 


u 

w 



4> »mj co 

8*4 j 

ft o a 



fcc 
ft 



.a 
^ si 



I 

H 

d 

•Ml 

u 

MJ 

o 



d _* 

Q d 

S H H to 

lj 

8 1 S 

•Mi W Q 

« • s 

Q Mj g 



I 

• Ml 

is 

CO 

£ g 

O 



-4 



i 

t Ml 



CO 



-3 

CO 

Pi 

-M> 

CO 




M-4 lO 

§ ft 



■4 



NX 



^ a 

Is 

m* d 

•Ml Ml 



CSmO 
i-H I— » 



9 d 



C3 O 



mI h ~X 5 

- 2 ^m5 

h * a 

^ 5 * ^ 

5 o > * 



to 



rt O 10 

53 iS ^ 



o 



i-» % ja 



rd ,ri 

d <l> d 
g^d 9 ° 

^ 8 



3 : ^ 

mO 

■ Ml 

O 



1"^ eg 
■ r— ^ 

Q 

«H 

•Mj Ml 

d cct 
0 Pi 

•— I ^ 

mm 03 

CCj t>J 

<2 



o 

p 



CO 

- d. 
^ o ? 
d *** c 

^ r * S 

J rd 

d d 

.«d d 



m3 d 

♦ Ml 



o 



M^ CO 

O -rS 
•H M* 

d g 
d ft 

Mj 0> 

a * 

CO 



*3 _d g 

H 



s 



d 
ft 



M. 
P 

o 



o 

w 

fa 

Ml 



1 



a 

a 

rd 

d 
d 



03 
0> 

2 



a 



{ 



( 



615,425 



A cbauge m the interfacial tenaou 
between the phases lias a definite effect 
on. the appearance of the particles (shape 
and size; in any .given apparatus at any 
5 oiven rotor speed, but the effect does not 
destroy the general pattern, as indicated 
in the' table above. 

With certain rotary contactors and 
certain fluid systems the ' doughnut 

in type vortices are replaced by a ctottMe 
helix type pattern appearing like a 
rotating '- harber pole/ In the double 
belts the particles move around the rotor 
and around the periphery of a section of 

IS the helix between the Totor and t&e 
stator in such directions that two 
adjacent helix sections rotate as thougli 
they were geared together. The double 
belix may first appear in any one of the 

2ft Regions 6, D orE of "orderly distribu- 
tron/' 

In Region F, random turbulence 
results In failure of the dispersed phase 
to travel independently w the direction 
of its gravitational force. . In a counter- 
current system, this causes tke column to 

,f flood /'that is, both, phases are simul- 
taneously withdrawn from both ends ol 
the zone. At the point of random turbu- 
qn_fence-the_desired-types of xontactpatterns - 
~ dU disappear, and lie advantages such as 
orderly flow, orderly distribution, mini- 
mum emulsifying tendencies, controlled 
residence times, are no longer obtained. 

The point at which flooding occurs may 
be determined as follows:; 

Plot on the same graph (not sliown) 
the two curves defined bv (1) the ratio of 
the volume of dispersed phase to the 
• A n volume of continuous phase in the column 
4U against the peripteral speed of the rotor, 
and (2) the ratio of the linear velocities 
of the two phases through the column 
against the peripheral speed of the rotor. 
4~ The point of intersection of curves Qj 
and (2j defines the point of flooding', The 
phenomenon of flooding may be repre- 
sented by the following equation: 



60 wherein H is the holdup or volume frac- 
tion of the dispersed phase in the con- 
tact zone in the column when flooding 
occurs, and Fc and F 4 are respectively the 
feed-rates of the "continuous and dispersed 

55 phases, expressed in volume per unit 
area per unit of time. , 

Wher criterion for efficient contact 
in the rotarv contactor of this invention 
may be expressed by a Reynolds number 



for rotational flow of the fluid mixture in 60 
the annular zone. 

When only the imxer surface of revolu- 
tion of the annular zone is rotated, the 
product of the peripheral velocity times 
the clearance between the two surfaces at 65 
any section through the zone divided by 
the kinematic viscosity (the viscosity 
divided by the density; of the fluid I mix- 
ture in the annular zone should be 
greater than about 2500 and preferably 70 
greater than about 3000; these values 
represent dimensionless -numbers. 

When only the outer surface of revo- 
lution of the annular zone is rotated a 
preferred condition of operation is when 75 
the product of the peripheral velocity 
times the clearance between the two 
surfaces of revolution at any section 
through the zone divided by the- June- 
matic viscosity of the fluid ^xture m 8f , 
the zone is greater than about 200U a ' 
diuiensionless number. The critical value 
under these conditions is less than in the 
preceding instance, because stable eddies 
are maintained over a wider range- m 89 
this type of apparatus. 

In an apparatus of the type having an 
"inner rotor and outer stator " when 
xontacting-aqueous systems -wherein- the — 
kinematic viscosity of the fluid mixture W 
in the column is not substantially greater 
than that of water, effective contact -as 
obtained when the peripheral velocity of 
the inner cylinder is greater than about 
2.5 or 3 feet per second. 9& 

In a contactor apparatus where bom 
surfaces of revolution are rotated in the 
same direction, the ratio of the angular 
velocity of the inner surface of revolution 
fro the outer surface of revolution shouldlQO 
be greater than the square of the ratio of 
the radius of said outer surface to the 
radius of said inner surface, that is, at 
any section through the contact zone. w 

The operating range of the rotary con- 105 
tactor for a given efficiency is very broad 
in that both the rotor speed and the total 
throughput -may 

paratively wide limits. This is an impor- 
tant advantage in industrial processes. 110 
v Thus, when driving the rotor with a vari- 
able speed motor many different effects 
may be easily obtained, and the efficiency 
of the contacting may be controlled at 
will within wide limits. Changing the llo 
relative angular velocity of the surfaces 
in a given column is "analogous to chang- 
ing the type or size of the pacldng 
material, such as Rasehig rings, saddles, 
etc., in a packed tower; or the size of the 120 
orifice jets in a spray tower; or the hole 
size in a perforated plate tower. The ease 
of changing the speed is in ninriced con- 
trast to the difficulty in changing the 
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packing, jets or bole si*e in other 

" COl ShT another 

the rotary contactor of this mention » 
& he ease of reflating residence toe of 
the dUpersed^aee mg-J"**^ 
controlling the^ielatiye^ y ^ 



S^tweertne surfaces of ftygj- 
. 5ST is particularly helpful » dtojbnj 
in the orderly procedure of all the dispersed 
nnrticles through the zone. . 
P "£ considering the effect of «^ 
of the size of the rotary contour or it* 

15 Son, in 0 f Th P eT 3S& 

15 IS as ialed or sieve plate towers, it 
Thelieved that with increasing ■* -the 

. rotary contactor is progressively more 
Sient than the packed or sieve plate 

20 tower. Also, the initial efficiency of a 
rotarv contactor is believed to be materi 
• dly greyer than that of a packed tower 

^ ' • ° f ^onta e c-tor s axe definitely advan- 
nc t a geons compared to other types of con- 
2& tutors when the former have eftecto e 
SfarcS^ectional areas of more than 

ft X 1 io^hr k ifa,ial tension 
o ft between the two phases the easier it is to 
80 disperse one phase in the other ^ Ihere- 
f n Z surface-active agents may be artaen 
to either « both fluid phases to reduce 
£e internal tension in the contact 
« zone Within limits, surface-active 
36 frents may also be used in this manner 
L^prevenfthe formation of emulsions in 
Se apparatus. The proper choice of n 
surface-active agent, either cation-active 
An or anion-active, or both Spends upon the 
40 nature of the fluids being contacted. Some 
auSble surf ace-active agents are organic 
compounds containing one or more , of he 
following radicals : metal or acid sulfa to, 

„ 45 ulfonatlf, i^^^fSa»iA 

SSS^JSSS. ofei^ ^amine, or 
■. Kemar? ammonium and other ^ «nu» 
fift base radicals; cyano, ttiocyano or nitro, 
5 halide. For example, it is often desirable 
. J, use «nch agents in the extraction of 
penicillin from aqueous* lntwns . wi* 
.solvents to prevent eniulsifioation of the 
■ 66 impurities in the penicillin solution. 



II Gas-Solid Systems (wiierem tlie solid 
is a powdered fluidiml so id). « 
Adsorption operations such_ as the 
,iS£ „f methane and other light 
S£ fiS ethane and ethylene in natural 
Kv adsorption on charcoal; adsorption 
£ crions employing silica gel and other 70 
nowdered adsorbent materials; W*mi 
Hon of powder by elutriation or gns flota- 
tion'. Chemi-adsorption operation such a, 
[he adsorption of olefins, diolefin, oi 
acetylenes by cuprous salts. 



Some illustrative uses for this inven- 
tion are: 



HI. Liovio-lJorm Sisj^us. 
Solvent extraction processes tor me 
sennraHon of liquid matures contanumr 
organic and/or in oiganu ti ^ 
ri;#i»ri»nt degrees ot poiarny i 

cetvlenes, naphthenes, aroniaties ? alkyl 

„ we ll as from their synthetic mixtures 
with one or more selective solvents such 
"ssuUur dioxide, furfural, phenols 
.ultokne*. copper-containtog sobxhon , 
aldehydes, ketones, ethers, esters, »mines 
Strita. nitrohydrocarbon, and the like 
Mi» refining and purification ot tatty 
" ids Sty oils, animal and vegetable 
SSrli essential oils such as tuiig oA 
linseed oil, soy bean oil, 
oil, tall oil, cottonseed oil, and the iike 
with suitable solvents, such as eth.mol- 
™>iue furfural sulfolane and the lite, 
Scation of dialkyl amine .such a* 

the corresponding inonoalkyl amine ouier 

amines and other ^ m ^t O l} 0 n- 
hydrocarbon solvent; the extacjB,« 
^i„tr ition and purification of antibiotic* 
,uch t peXm In with selective so vents; 105 
he serration of polymers with solvent,; 
the separation of epi- .and ..4"™; 
hvdrins from water f <lu« 
ether or other related solvent; and ntuy 
other solvent extraction processes, P<f ^l* 0 
cularly those wherein a large number of 
SaSion stages, is required hecause^f 

diffe rb e : se^sllrthetivS 

employed for their se P.^^^X U& 
izatiou reactions including liquid caustic 
alkali treating processes such as the 
Veatment of hydrocarbon oils «»nt| W 
acidic compounds such as Mro^n 
sulfide, mercaptans including tluo-UU 
Tmenols alkyl phenols, naphthenic acids, 
Kni acii, by contact with aqueous 
Rustic alkali solutions including' solu- 



I G-As-LiQOin and Liuuid-Gas Systems. 30 iuuuu» o 

General gas purification. processes gas ;? u f prions and the like; the separa- 

60 ^^^i ,, * , SS on of alkyl phenols from «uopWs!25 

tion and extractive distillation, gas '* , it _ „f niixtures of alkyl 
absorption, 'gas humidrfication and 
dehumidification. 



tinn of alkyl phenols irom uuom^vx., 
S3 the ejnration of adxtare. of alkyl 
Phenols or of thiophenols into their com- 
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ponents; the separation and purileahon 
of ^nktures of sulfonic or naph&enic 
acids into iheir components. Awd jaeatr 
iug processes such as the treatment ot 
5 mineral oils with sulfuric acid to absorb 
gum forming components, and otiier 
Impurities are also included. 

IV. LiQOH)-So:ffl> Systems. 
Leaching reactions such as the aotiva- 

10 tion of clays with acid, the washing of 
precipitates, the deoiling of wax with 
solvents, the regeneration oi ad^orhents, 
the deoiling of adsorbents, the s extraction 
of oil from shales, the extraction of oils 

15 from asphalts, the enaction of f atty oils 
from tieir nieala or flafces including 
cotton seeds, soy bean nates, with organic 
solvents. The separation of -proteins, 
includiug antigens, allergenic proteins, 

20 and other blood components, of hormones, 
vitamins, and antibiotics from solutions 
containing them by adsorbing them on a 
solid adsorbent material. The separation 
of compounds of difierent degrees of 

or polarity or saturation such as pbenols 
from hydrocarbons, aromatics from non- 
aromatics. by absorption on a solid 
absorbing agent such as silica gel. Also 
included herein are processes involving 

30 ion exchange substances pcludmg ion 
exchange resins, Perniutite type sub- 
stances. 

T. LiQCiD-GAS-Soi.n> Systems. 
Mineral separation processes such as 
35 froth flotation processes. 

VI. Lioum-LieuiD'-SoLrD Sts'iems. 
The separation of proteins, including 
antigens, antibodies, allergenic proteins, 
and other blood components, of hormones, 
40 vitamins and antibietics from mixtures 
containing them by. dissolving the mix- 
ture in a continuous phase and dispersing 
therein both adsorbing particles and an 



immiscible liquid phase whereby the 
adsorbing partioles would be carried at 40 
the interface between the two liquid 
phases. 

VII LiQTJXD-LiQxncD-IiiaxnjQ Systems. 

Transfer of a solute from one solvent 
to a second solvent by contacting them SU 
countereurrantly ia a dispersing medium, 
such, us extracting phenols from a high 
boiling hydrocarbon solvent into a low 
boilinf denser solvent by contacting 
them countercurrently in an aqueous 55 
alkaline dispersing solution. 

The following- examples illustrate tne 
effectiveness of several contacting pro- 
cesses in the apparatus by the method oi ^ 
this invention. 

Example I. 
Gasolines having an ASTM 5% boil- 
iag point at 135 u 1?. and a 9 G% boiling 
point at 338° F. and containing different 
amount* of tertiary-butyl mercaptan were 65 
countercurrently contacted wrto a <UN 
aqueous solution of potassium hyoroxide 
in two difierent sized glass contactor 
apparatus similar to that shown m 
Figure V. The apparatus of Buns 1 and 70 
2 had an effective column height of dx> 
inches, a stator diameter of L312 inches, 
and a rotor diameter of 1 inch, while the 
apparatus of fiuns 3 and 4 had a column 
height of 25 inches, a stator diameter of 75 
3,185 inches and a rotor diameter of 
1.476 inches. The runs were made witn 
the following (see Table A below) different 
throughputs, different rotor speeds, and 
following degrees of extraction were 
obtained from which the efficiency in - 
theoretical stages per foot of length was 
calculated according to the metiiod 
described, in the article by Hunter and 
Nash supra. The caustic phase was the 85 
continuous phase and the gasoline phase 
formed the dispersed phase. 
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Runs 1 and 2 show that with othermae 
constant conditions an increase in pen- 
nheral speed to or above the neighbor- 
fiSd rfli-S ft./sec. leads fc > ali.pro ; 
portionate increase m efficiency, wWie 
&£ 3 and 4 illustrate that where ^ 
peripheral speed is constant and ^ total 
throughput is .increased by 
the efficiency is increased by sUgtttiy jQ 

more than 100%. „ aH 
A definite " herringbone " pattern was 
observed in the contactor dumg each of 
the above runs, except that of Bun 1 
wlick was operated at a Peripheral speed 
below that retired to obtain a pattern. « 

Example II. , 
A narrow boiling fraction of petroleum 
. ft lkyl phenols bad an initial boiling ^point 
of 19o5' 0., a final boiling point ot 
206 5° 0., a 5% distillation temperature 20 
tt&r c a 50% distillation temper a- 
?Le of &* 0 , and a 95% distillation 
Snerature of 205" C. An acetylation 
2S Sows that the mixture corresponds 
to abtToV.% xylenob and ethyl phenols 2o 
(comprising o-ethyl phenol and 4,0- 
S F 2™ xy^enolsf and 43% of cxesols 
(comprising substantial amounts of all 
Sre?cresofe). This mixture was dissolved 
ia a sufficient amount of equal volumes ™ 
of iso-octane and benzene to give a solu- 
tion containing 200 grams of alkyl 
phenols per liter of solution. The result- 
ing solution was extracted counter- 
currently with aqueous sodium hydroxide 38 
solution containing 2 moles per liter of 
NaOH in a rotary contactor similar to 
that shown in Figure Y » 
rotor 25 inches long, a rotor diameter of 
1.476 inches and a stator diameter of *u 
2.185 inches. The solution of alkyl. 
phenols was introduced at the rate ot 
P 01125 gal./in.'/minute and the ^caustic 
soda eofution at the rate of .00o3 gal./ 
in. 1 /minute, the latter being the con- 45 
tinuous phase. The rotor speed varied 
from 3.22 to 3.65 ft./sec. Well developed 
"herringbone" patterns were present 
under these operating conditions. 

The xylenol and ethyl phenol content 50 
of the raffinate was 96% and of the . 
extract was 7.9%. 

Example III. 
Several aqueous penicillin solutions 
were extracted with different solvents m 55 
a rotary contactor of the type shown m 
Fiffure V having a stator diameter of 
inches, a rotor diameter of 1.8 inches, 
and a length of 41 inches. The column 
was operated at between about 0_ and d 60 
C. to prevent decomposition of the peni- 
cillin in the solution. The following data 
show the recovery and purity of peni- 
cillin obtained from different solutions 
under the following conditions : 60 
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Lubricating Oil 

Feed Viscosity Throughput in 
Run S.TF. sec. oc./min. 
No. at 210° F. Lube Oil Furfural 



5 1 

3 



200 
60 



640 
650 



700 
1075 



In each of the runs in tlie above table 
the lube oil was the dispersed phase. 
A " herringbone " pattern was not 
10 only observed in these runs, but also in 
runs where the furfural was the dispersed 
phase. 

Example VL 
A gaseous ihixtuTe of 27.1 vol. ;% H 2 S 

15 and remainder of nitrogen was contacted 
countereurrently with an aqueous solvent 
solution containing 15.1 wt. ;% of di- 
ethanolaniine at atmospheric pressure and 
room temperature in a glass rotary con- 

20 fcactor having a rotor diameter of 0.55 
inches, a stator diameter of 0.75 inches 
and an effective length of liquid therein 



Column Temp. 0 C. Ramnate 
Top Bottom V.I. % Yield 



88 
96 



79 
69 



55 
44 



50 
41 



40 



of 28.0 inches. The rotor was rotated at 
a speed of 1395 R.P.H., the solvent was 
fed in at the top at a rate of .074 gal./hr. 25 
and the gaseous mixture was fed in at 
the bottom at a rate of .425 cu. ft./hr. 
All of the ELS was separated from the 

Hit- 
Comparative runs were made with the 30 

same gaseous mixture but with an aqueous 
solvent solution containing only. 6 wt. % 
diethanolamine. The rotary contactor w 
employed had a glass stator 0.87 inches 
in diameter and a metal rotor of 0.63 35 
inches in diameter. The following condi- 
tions and results of the runs were : 



Rotor 
Speed 



Liq. Ht. 
in inches 



Inlet gas rate Solvent Rate H S S cone, in 
ft. 8 /in. GaL/hr. inlet gas :% v. 



% H 2 S 
Removed 



1240 
0 



33.0 
32.0 



.398 
.398 



.039 
.036 



24.5 
29.7 



72.5 
56.5 



Orderly distribution of the dispersed 
phase was obtained when the rotor was 
rotated both at 1240 and 1395 R.P.M. 

4§ Example TEL 

A cracked light hydrocarbon gas boil- 
ing below the butane-butylene fraction 
and containing 2.8 vol. r% acidicB, 25.2 
vol. % H*, and 10 vol. % products 

50 soluble in 98%; ILSOi containing 3% 
AgSO* was concurrently contacted at 
atmospheric pressure and room tempera- 
ture with powdered carbon black ^in a 
rotary contactor having a stainless* steel 

55 rotor .63 inches in diameter, a. glass 
stator 0.82 inches in diameter and an 



effective contact length of 26 inches. The 
rotor was operated at 2200 B.P.M., and 
the gas was fed into the contact zone at 
a rate of 120 gms./hr. The effluent gas 60 
contained 34.1 vol. .% H 2 , .6 vol. % 
acidics, and O.03k solubles in said acid. 
A definite " herringbone M pattern of the 
carbon particles was observed. 

Dated the 30th day of July, 1945. 
ELKINGTOH* & FIFE, 
Consulting Chemists & Chartered Patent 

Agents, 
Bank Chambers, 
329, High Holborn, London, W.C.I, 
Agents for the. Applicant. 



COMPLETE SPECIFICATION 
Improvements in Method of Contacting Fluids One with Another 



65 I, James Geoege Fife, M.Sc, Ph.D 0 
F.R.I.C, Consulting Chemist and Char- 
tered Patent Agent, of Bank Chambers, 
329, High Holborn, London, W.C.I, a 
British Subject, do hereby declare the 

70 nature of this invention and in what 



manner the same is to be performed, (as 
communicated to me by Shell Develop- 
ment Company, a corporation organised 
under the laws of the State of Delaware, 
United States of America, of 10(1, Busa 75 
Street, San Francisco, California, TJnited 
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States of America) Jo J |" PJ**£ 
. described and aacertamed in and. oy ui 
following statement:— „u tea to 
The present invention relates to 

Xl4e S * the formation of 

it for the efficient 
If ?*o or more substances which form at 
i ♦ Phases in contact with each 
l5 feaTone of which substances 

iB Thts d *and other object* are within the 
nurriew of the present invention and 
^b?elahorated P upon in more specific 

me nxuu „ includes liquid®, 

fodies, which are capable of J™»« a 
25 multiphase system or. more > »P ec ^ all J| 
25 a dispersion of at leaat one type ot 
material in a continuous phase of the 
Xer which phases remain discrete 
Sughout the major portion ttjM«J 
^ wine Illustrative of the general 
30 Sts^ heterogeneous systems contem- 

Sated are : gas-solid 8^f> ffi; 
^ liouid-liquid, liquid-solid, UquiO 
RdK RWas^olid gas^ Wd- 

SSSa ST nit-named ocnsUtuen^m- 
Kituent (with th^third) W«J 

S EKftSJ o£ stents of different 
SptrsTdifferent. 

- « 'eur^L^Sriacial tension or 
5nr alteration of internal density. ine 
' fluid «Kized material may include 
agents as acid-acting substances, 
Ct acting substances, salts reducing- 
-SvtT ^ndisinjr agents, halogenating 
S£; Sents 8 of all kinds, solut = 
S3- neutral or "active a^rbente 
aosortents each as clay, charcoal, gel , 
u • tion and anion exchange resins as well 
56 «^ch agents commonly employed in the 
Separating, J»2£ 
trating and purifying of fluid tJP 

^if ffs been found, according to this 
invention, that efficient contacting of 



50 



60 



,hich comprises contacting said sud- 
Xnoes by passing said phases simultane- 
Srana preferably in counter- oui-rent 
S an amiular zone formed between two 
surfaces of revolution one «g^£> 70 
other and out of contact with each otner, 
whereto one of said eurf aces rotates about 
StS at a different angular velocity 
ftfgat of the other surface sufficient 
£ maintain one phase dispersed m the to 
oLerTSinuous) phase and to maintain 
£ orderly distribution, as hereinafter 
dtfinel ol the dispersed phase in the 

CO ifCtetfound that the operating 80 

?actfng,lnd that a criterion of orderiy 
dSribution aa opposed to random turbu- 

1 n?e may be ^^^1°^ 
™Hon Orderly distribution lias oeen. 
found to be associated with regular visual 
Patterns of the dispersed phase in the 
cSnSous Phase in the annular zone 
tetween the two surfaces, and in parti- 90 
Sr with herringbone patterns as dis- 
ced mure fully* herein aft ^herejs 
random turbulence has been found to be 
associated with no regular visual pattern gg 
in the two phases. . „ 

The term " orderly distribution as 
use d I here™ is therefore to be understood 
as referring to a condition associated with 
regular visual patterns of the dispersed 
nhase in the continuous phase. iw 
P To^Uustrate the various imiiular con- 
tact zones in which the treatment* or 
contacts are to be effected and to iUj£ 
trate other physical aspec ts of our inven 
tion, reference is made to the accom iuo 

vertical partial sections of different 

' ^ Afferent paC of flow for a fluid in 
fcontaclzone* of the type » ahown m 
Figure V. Figures THo to XIIIo inciu no 
sivfare drawings of patterns formed by 
he dispersed pEase in a contact zone of 
ie type shown in Figure T. Figure TV 
showfa family of curves plotted at 
different throughputs against j ^ a ^J120 
efficiencies and against d^r ent ™™ 
anppds Figure XTI shows a family oi 
curves' plotted for different sized rotary 
Sectors against different throughpute 
aE d different optimum « traefcon eftci 12ft 
encies. Figure XVH shows two curves 
comparing efficiency with size of the 
appStus^or the present rotary contactor 
apparatus and a packed tower. 
P The annular zone previously referred 130 
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to in -which contact or treatment of 
materials takes place is the zone formed 
between the outer curved surface oi, an 
inner suxface-of«revolution and the 
5 inner curved surface of an outer surf aee- 
of-revolution as illustrated by Figures ^la 
to JJd inclusive. The axes of these two 
surfaces need uot be coincident (see 
Figure Ic). There may be more than two 

10 surfaces-of-revolution forming several 
concentric annuli (see Figure Io)« 

The two surf aces-of-revolution may be 
relatively rough, smooth or polished, as 
desired, and are preferably positioned so 

15 that their common axis is not in a- hori- 
zontal position, i.e. ^e end sWd be 
substantially higher than the other. Other 
configurations and constructions of the 
annular zone are self-evident from the 

20 drawing. _ , , , 

The above differently shaped contact 
surfaces and annular zones permit vary- 
ing peripheral velocities of the surfaces 
a-ncl provide varying annular cross-sec- 

25 feional areas from one end of the column 
to the other. These zones are applicable 
for contacting fluid systems which 
change in processing in any one or more 
of the following properties: volume, 

30 weight, viscosity, surface tension and 
ratio of the phases, as they pass through 
the column. Such changes may be due to 
the addition and /or withdrawal of fluid 
at one or more points along the column 

35 or due to the physical or chemical effects 
that occur between two fluids as they 
continue in contact through the zone. 
It is desirable, hovrever, that these 
changes in shape of the surfaces be un~ 

40 abrupt. For systems in which the above 
variables change but little, the most 
desirable form is that of two concentric 

cylinders. . « 

Regarding the physical proportions of 

45 the apparatus, it is desirable .that the 
annular contact zone be at least twice as 
lone as the internal diameter of the outer 
surface and it may be as long as opera- 
tional and mechanical limitations permit. 

50 The length of the zone should be at least 
about four times, and preferably at least 
about ten times, the minimum annular 
clearance between the two surfaces of said 
zone. The longer the column 1S , the * more 

55 theoretical stages it contains and the 
lower is the loss resulting from end 
effect " at feed inlets and at ends oi 
zone, where disorderly distribution is 
initially prevalent. The efficiency of a 

60 column is expressed as the ™d« « 
theoretical stages per foot of length oi 
the column calculated according to the 
method described in the article by Hunter 
and Nash in the Journal of the Society 
65 of Chemical Industry, VoL 51, p. ^ 
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T(1932). The ratio of the width of 
annular space to the diameter of the 
inner surface should be not more than 
about 5 : 1 and not less than about 1 : 60 
and preferably between 2 : 1 and 1 : 10 . 

In the operation of an apparatus 
embodying one of the above-mentioned 
types of annular zones, it is essential mat 
there be obtained a difference m rota- • 
fcional absolute angular velocity between <o 
any two adjacent contact surfaces, *or 
example, one surface may be at rest or 
both surfaces may rotate in either the 
same or in opposite direction. In many 
systems it is preferred that the inner 80. 
surface rotate at a greater penpherai 
speed than the outer surface, and the 
simplest and most preferred embodiment 
is that of an inner rotating cylindrical 
surface and a stationary outer cylin- w 
drical surface. By varying the rate oi 
rotation of one surface of revolution rela- w 
tive to the other, it is possible to control 
the efficiency of contact and to dimmish 
the tendency of the two phases to form w 
emulsions. . 

Further, in the operation of an appa- 
ratus embodying one of the above-men- 
tioned types of zones it is essenkal that 
vrhile the fluids pass through the zone W 
they contact both surfaces at all times. 
These fluids may be passed through the 
zone either concurrently or counter- 
currently and either fluid may. be fed 
continuously or intermittently into the 100 
zone. In the case of concurrent flow, it 
is not necessary that the two phases 
possess different densities; however, tor 
eountercurrent flow the converse is essen- 
tial. Therefore, in the latter case, a 105 
density difference of above about .0^5 
o-ras./cc. between the two phases is desir- 
able 

For the purpose of illustration, the 
rotary contactor in Figure V will now be lit., 
referred to as operating as a liquid-liquid, 
solvent extractor, wherein a liquid mix- 
" tore to be separated is the lighter and. 
continuous phase and flows upwardly 
through the annular cylindrical zone lib 
countercurrently to a solvent which is tne 
heavier and dispersed, phase. Ine rotary 
contactor comprises; in this case, an 
outer cyHndrical surface 1, called the 
" stater," and an inner cylindrical 120 
rotating surface 2, called the rotor. 
The rotor is mounted at each end in bear- 
ino-s 3 and 4 and rotated by a variable 
speed motor 5. Above and below the heavy 
phase and light phase inlets, -6 and 7 
respectively, are provided quiescent zones 
which are shown, here to be settlers a ana 
9 through wliich the light phase and 
heavy phase products are separately with- 
drawn from lines 10 and 11, respec- 130 
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tiveiy. Each settler is proved with a 
return or recycle hue W ana -with 
lively for settled carryover, and witn 
^et lines 14 and 15, respectively. 
fi The lSht phase introduced through 
6 Un?7 j£i up «nd around the War 
cylindrical surface between Jke atotor 1 

^fl The t^aa fSK 

lft duced through horsed in the 
10 caucus % P^ase in *e contactor 

i * the continuous phase m a manner more 

^SSr fciTKS? the two 
phases Ts Maintained in either top i or 
20 C settler 8 or 9 by euit able level 
20 control means such as elefio contoller. 

38 or 39 at the desired locatioa of the 
interface. This means tha ; elements 3 £r 

39 control valve 40 for tb.e with^awni 
or of the heavy phase through line 11. Ihe 

which of the two phases is the contouous 
and which is the discontinues phase. The 
rule i 8 that the discontinuous phase 

<M» travels toward the interface level. Thus 
tfE lSt phase is the dispersed phase, 

... L Tin frface level will be in the top. 
Sttler 8; while if the heavy » *g 

dispersed phase, the mterf ace level .will 

<« be in the bottom settler 9. tTsually the 

8 * died phase passes through the con- 
ta«t zone more rapidly than me con 
Sous phase and if one of the material 
toZ contacted is relatively unstable, it 

40 S usually desirable that it be the dis- 

P Tany Ph modifications of the described 
apparatus are possible without departing 
from the scope of this invention; for 
as, example, the stator chamber may he 
. 46 Kf at the top and the apparatus may 
• he operated under a reduced or 

pressure. The heavy and /or light phase 
• Seta 6 and 7, instead of being placed 
50 as shown, may join recycle lines 12 and 
b 13 respectively, or be placed elsewhere 
along the column; the column may have 
aidT inlet lines where the same or 
dXrent fluids may be added (such as for 
.e Soiling pH of fluid systems); or it 
56 may ba- side draw-off lines for separ- 
ating side streams which may be 
remo°ved, or returned to. the system in 
uart or in toto at points along the 
fift column. The settler may comprise any 
60 means known in Che art tc > enhance 
settling other than the long tubes 14 and 
15 shown in Figure V. The rotor mav be 
supported solely by a top bearing or by a 
G6 bottom bearing. The apparatus may be 



jacketed and fluids may be eucuW 
through the jacket .and/or the rotor to 
control and maintain any desired tem- 
£ratuk The motor 5 mav be mounted 
to drive either end or botfi ends of the 70 
rotor either directly or indirectly.. If the 

rotor is relatively long m ™WThe£- 
its diameter, it may be ! steadied by he ar 
in»s between its ends. The rotor may be 
driW by any suitable power ^source 75 
Independent extraneous forces such, as 
sonic and ultra-sonic vibrations, ultra- 
violet and infra red Hght, electa^*- 
netic, electrostatic, gravitational netts, 
or heat, may be imposed upon the con- 80 
tents of the annular zone durmg the con- 

^applrtius may be made of any 
suitable material which will withstand 
the strain of the rotational and other SO 
forces present during its operation and not 

ware, wood, and plastic, depe^jpoP 
the nature of the fluids contacted and the 
temperature and pressures employed. 80 

For a given fluid system, the extent of 
contact in a rotary contactor is ^deter- 
mined by the extent to which the d*- 
nersed phase is carried by vortices formed 
L £ continuous phase in the annular 100 
contact zone. The extent of contact in a 
separation process may be denned as tne 
rate of transfer of one or more compo- 
nents from one phase, to another phase 
per unit time per unit volume of fluid 1UO 
mixture 'in the contact zone. 

In the operation of a rotary .contactor 
apparatus of the type disclosed, when the 
annular zone is filled with a fluid, there 
is a shearing force set up m the fluidllO 
which produces a particular type oi flow 
in the annular zone. In an. apparatus of 
the type shown in Figure V, the normal 
flow is in and around a.senes of P^red 
annular vortices appearing as . double m 
loughnuts " (or tori) stacked axially one 
on top of the other around the rotor. Ihe 
flow of the fluid in these vortices is, 
firstly, around the annulus or around [the 
rotor and, secondly, around the pm- 120 
pherv of the " doughnut " between tie 
rotor* and stator as in a smoke ring (sec 
Figure VI) and in such directions ittat 
any two sections of adjacent dough- 
nuts " rotate as though they ^ere geared 125 
together. The width of the vortex m most 
cases corresponds to the ^stance between 
the rotor and stator so that the height of 
the " double doughnut " is at least about 
twice this distance. 
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Upon introducing another fluid sub- 
stance into the continuous fluid an the 
contact zone, which substance forms a 
separate pliase with ike fluid in the zone, 

5 dispersion of the . substance occurs. The 
dispersed particles are more or less, 
earned in the paths of flow of the con- 
tinuous pliase ia and around these 
vortices. The degree of dispersion and 

10 the degree to which the dispersed phase 
is carried in these vortices, as wel I as 
th 6 rate of transfer from one phase to the 
other, depend upon (1) the magnitude ot 
the shearing force in the continuous phase 

15 and (2) the relative properties of the 
continuous phase and dispersed phase. 
These factors are : 

1 The relative angular velocity ot 
rotation of adjacent contact surfaces. 

20 2. The radii of the contact surfaces. 

3 The rate of flow of the phases l,con- 
tinuous and dispersed) through the con- 
tacting zone. . _ . «, 

4 The settling force either natural, 
25 that is by gravity, or induced, such as 

by electrostatic or magnetic nelas. 

5. The roughness of the contactor 

surface. 

6. The temperature. 
30 7. The pressure. 

8. The dynamic stability of the appa- 
ratus* * -it* 

9. The viscosity of the phases. 

10. The density of the phases- and the 
35 density differential between them. 

11. The interf acial tension between the 

phases. , , 

12. The adhesion tensions between the 

phases and cylindrical surfaces. 
40 13. The film coefficients of mass 
transfer between the two phases. 

14. The distribution of the distributed 
component between the phases. 

15. The pH of the system. 

46 The independent factors which afiect 
the rate of transfer for two liquid phases 
in countercurrent flow for a given column 
and a given liquid system are : the speed 
of rotation, the rate of flow of each phase 

50 into the zone, the phase which is dis- 
persed, the temperature, and the 

Pr Therelative size of the particles of the 
dispersed phase to the size of the vortex 

55 is another factor in determining the 
degree to which the particles are earned 
hy the vortex. Thus in contactors having 
the same rotor diameter to Btator diameter 
ratio, particles of a given size are more 

60 easily carried in vortices in larger con- 
tactors than they would be in smaller 
contactors. , . 

• When the substance to be dispersed is 
a liquid or a gas, the shearing forces in 

68 the continuous phase cauBe it to be 



broken up into particles of a limited size 
distribution, which size depends also 
upon the relative properties of the two 
phases. This means that the particles of 
the dispersed phase are sufficiently 7U 
uniform in size and shape so that about 
90% of the dispersed phase is m particles 
having sedimentation velocities which 
lie within the range of from ahout £ to 4 
times the average sedimentation velocity 75 
(the average sedimentation velocity, 



Ed Pa 

H 1-H 



wherein H is the holdup or volume frac- 
tion of the dispersed phase in the contact 
zone, and F c and P d are the feed rates of 80 
the continuous and dispersed phase m — 
volume per unit area per unit time, 
respectively). The particles of the dis- 
persed phase remain at substantially the 
same size throughout their passage 85 
through the contact zone. 

The formation of particles of uniform 
size has the advantage of preventing 
emulsification and /or foaming often 
caused by the formation of at least some yu 
exceedingly small sized particles in other 
types of contacting apparatus. Accord- 
ingly, the process of this invention is 
particularly applicable in contacting 
fluid systems which, in other apparatus, vo 
would give rise to emulsification difficul- 
ties 

As the relative difference in angular 
velocity between the two surfaces of the 
contact zone is increased, moTe and more J- uu 
particles of the dispersed phase are 
carried by the vortices. Different amounts 
of particles carried by the vortices of the 
continuous phase form different visual - 
patterns whioh are a visual indication of 1W& 
the extent of contact between the 
dispersed phase and the continuous 
phase. Therefore, the pattern can be used 
as a way of estimating the extent of con- 
tact between the two phases. HO 

There is a definite range ^of relative 
angular velocities within which^ efficient 
contacting is obtained and within which 
definite patterns are observed. This range 
of efficient contacting is the range of 116 
" orderly distribution 99 and particularly 
the region in this range of the " herring- 
bone pattern. 5 ' The regions and corre- 
sponding patterns, which are obtained as 
the relative angular velocity between the 120 
surfaces of the contact zone increases 
. from zero up to and beyond the range of 
efficient contacting, may be described as 
follows : 
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3 tiding ««F ^ represented by 
the following equation : 



H= ; — 

■ - ; [jJ 



+1 



xepr^nt the diWi^ of p*tt^ <1 ""' 1 ' 1 " T oheno- 

chtaaned in an *jJ»J te 

^ln^ in Figure V as the speea «i ^ 
S ™tof i S TJSd from very slow rotation 
fnM the speed at which ra:nuoin turbu- 

Vllh show patterns observed at ,substan 

& a large effect on the appearance of 

STpJtterS. The fluids represented in 

Ke Ylla have a higher ,«^*W 
Ifi Won than those represented in Figure 
15 tension . & eased st ill 

Srfk the Region A both the systems 
Xown in Figures Vila and Vllb will 
^r. more or less, like that shown in 

20 F feTxiI depicts the appearance of 
*w Ersed phase in the continuous 
&J Hi an instantaneous photograph 
wStaken of the contactor when oper- 
« ating in Regions 0, D or E of the 
28 " doVhnut " herringbone pattern. 

Witl certain rotary contactors and 
certain fluid systems the ' 
type vortices are by a doubk 



70 



oea are loyLav^ Vi j. + 

111 helix type pattern appearing like a rotat- 
M JS? barber pole ' f (see Figure XHIa 
„j TTTIbl In the double helix the 
SrtbSr move around the rotor and 

5 the periphery of a section of ft. 
oc Wween the rotor and the staror 
3 (see IBWe XIV) in euch directions that 

K aofToent helix sections rotate as 
though they were geared together. The 

6 hdi? may first appear in.anj r one 
40 of the Regions C, D or R of orderly 

dista-ibutum. tolulence 
JStsSlW the dispersed phase to 
tovel Sdependently in the direction of 
S a Gravitational force. In a counta- 
45 currfnt System, this causes the column to 
'^ood." that is, both phases are > sinml- 
Jteousiv withdrawn through either or 
both oSL lines 10 and 1 o figure T. 
«= ft Tt the point of random turbulence the 
50 desired L>es of contact patterns disap- 
pear and the advantages such as orderly 
Sow,' orderly distribution^ — 
emulsifying tendencies, and conteoneo. 
<tt Sence times are no longer obtained. 
55 r Tnf point at which flooding occurs may 
be determined as follows : 

Plot on the same graph (not shown; 
the two curves defined by (1) .the ratio of 
60 the volume of dispersed phase to tte 
W volume of continuous phase m the colunm 
asainst the peripheral speed of the rotor, 
Jld (2) the ratio of the linear velocity of 
the Versed phase to the ^ntauous 
65 jLse through tha column against the 



wherein H b tie holdup in the ^olnnm 
when flooding occurs and J <• an d* < are 
respectively the feed rates of the < on 
tinuous and dispersed phases, .f 1 ? 1 ^ 1 

for rotational flow « uiuil ber 
fhe annular zone, lhis neynoius ■ «*• w 
to rotational flow is represented by the 

foWa: (R s -R l )Vp 

R^radiufof the outer surface of 85 

revolution „ « 

R 1= radius of the inner surface of 

revolution 

when »i=0; and 
yi^R^-^) ^ boa sur . 



faces are rotating, wherein « 2 is 
the angular velocity of the onto 
surface of revolution; is the 96 
angular velocity of the inner 
surface of revolution, and '-> a i> 

not equal to »i . 
= density of the fluid mixture in 
the annular contact zone , 1^, 
u= viscosity of the fluid mixture in 
the annular contact zone. 
When only the inner surface of revo- 
lution of the annular zone is rotated the 
product of the peripheral velocity times 105 
the clearance between the two surf aces at 
any section through the zone divided by 

the kinematic viscosity -~ of the fluid 

geater than about 3000; these values 
; represent "diniensionless numbers. 

P When only the outer surface of revo- 
lution is rotated a preferred oondition of 
operation is when the product of the pen- 115 
Xral velocity times the clearance 
between the two surfaces of revolution at 
any section' through the zone divided by 
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t u Vmemati. viscosity of the njix- 

ESTS the *me is JF-*-Jg ^ 
onnO a dimensionless number. J-««= 

q less than m the preceiuiife 
5 fcuse stable eddies « 

effective ^ffSL, cylinder 
peripheral veloury oi 
15 is greater than about i.o or -J iert i 

"Sft contactor apparatus ; vhere both 

surfaces of ^^^0^ «^utr 
„ direction ♦J^y*~ 1 •SSh- 

SffiKStt Sy -tat 

, Bt ^jtf-a-s^ 



zone 



The relationship between ^Sj Sl 

au d the relative 1*£™$? ta g gw 

r otor in for rSuid-iiquid 

80 shown m Pigre v A by tU « 

peripheral velocity. 
• Dotted curve 54 is based on tne 

throughput as curve j**"*^ cmn . 
46 phases «««^Jw. Sows that either 

■p^We disp-d phase and 

5 ftf^JSS^ tb.. Po-t 
C a v ,nv further increase in peripheral 
50 "wJtv ^n cause flooding. AH the. 

each different . column (sec 



the rotary contactor is very broad wmcu 
s an Sortant advantage .u; ' 

TTm« when driving tiie rotor 
processes, lnus. * nen b man y 70 

* Mrfnces in a given column xs 75 

ffif in changing the packing, jets oi 

hole' size in other «J«»»V . o£ tlle 8 5 

Another important advantage or 
rotary contactor of this invention is the 
it rp<«ilntinff residence tune of the 

o <rin./cc, a minimum m« Q 
fusion of about 10 dynes/cm., and thelW 
Sositv of the continuous nonaqueous 
Xse £>s about 1 centipoise. This system 
l^contactod at different Jjr JJ* 

Wh in a W ^ Ja£S totallOo 

SS&A Sffi a t S es s™ 

Sri 5rS.SwSrA -J 

about .025 and preferably ^ above 0) 

l, al + l0nS P fl UnTanr i P &onrterl20 
'SETiS per iStto th°e optimum 
X^UeUs than 20% fox • the 
rnrresoondinff 100% change m total 
hrouSu , and therefore the region 

05 gallons per square met pei 125 
SiVis nVefemd operating region 
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both, because of the high efficiency and 
"because of the wide permissible range m 

throughputs, h . 

In considering the effect of variations 
§ of size of the rotary contactor on its effici- 
ency in comparison witli similar vana- 
tions of other contacting devices such as 
a packed or sieve plate tower, the follow- 
ing may be said : It is usually assumed 

10 by those skilled in the art that the stage 
efficiency for a contact tower such as a 
packed tower varies approximately 
inversely proportionally to the square 
root of the cross-sectional contact area. 

15 In Figure XYII the efficiency times the 
square root of the cross-sectional area is 
plotted against the effective cross-sec- 
tional area of different sized rotary con- 
tactors and packed towers for the same 

20 iiuid system. If the efficiency were 
approximately proportional to the squnre 
root of the cross-sectional areas of bom 
rotary contactors and the packed columns 
hoth lines 81 and 82 would be horizontal 

25 and parallel. But line 82 slopes upwardly 
as the size of the cross-sectional area ot 
the contactor is increased, showing thai 
with increasing size the rotary contactor 
is progressively more efficient than n 

30 packed tower. Also, the initial eflHawT- 
of a rotary contactor is materially 
greater than that of a packed tower of 
the same size, as illustrated by the fact 
that line 82 is materially above toe 81. 

35 Rotarv contactors are definitely 
superior to other types of contactors when 
they have effective annulaT cross-sectional 
ureas of more than about 1.5 square 
inches* 

40 The* lower the interfacial tension 
between the two phases, tbe easier it is 
to disperse one phase in tbe other. There- 
fore, surface-active agents may be added' 
to either or botb fluid phases to reduce 

45 the interfacial tension in the contact zone. 
Within limits, surface-active agents may 
also be used in this manner to prevent 
the formation of emulsions in the appa- 
ratus. The proper choice of a surface- 

50 active agent, either cation-active or 
anion-actiVe, or both, depends upon the 
nature of the fluids being contacted. Some 
suitable surface-active agents are organic 
compounds containing one or more of the 

55 following radicals : metal or acid sulfate, 
sulfonate, phosphate, phosphonate, or 
carboxylate; hydroxyl or sulfhydryl, 
f-arbonyl, formyl, ether or ester ; primary, 
secondary or tertiary amine, or quater- 

60 nary ammonium and other onium base 
radicals; cyano, thiocyano or nitro; 
lialide. For example, it is often desirable 
to use such agents in the extraction of 
penicillin from aqueous solutions with 

65 solvents to prevent emulsification of the 



impurities iu the penicillin solution. 

Some illustrative uses for this inven- 
tion are: 

I. Oas-Liqtjid and Liquid-Gas Systems . 
General gas purification processes^ gas 70 

stripping, including refluxing in distil- 
lation and extractive distillation, gas 
absorption, gas kumidification and de- 
bumidification . 

II. Gas-Solid Systems (wherein the solid 75 
is a powdered fluidized solid). 

Adsorption operations such as the 
separation of methane and otlier light 
gases from ethane and ethylene in natural 
gas by adsorption on charcoal; adsorption TO 
reactions employing silica gel and other 
powdered adsorbent materials; fractiona- 
tion of powder by elutriation or gas flota- 
tion. Chemi-adsorption operation such as 
the adsorption of olefins, diolefins or 8a 
acetylenes by cuprous salts > 

ITT. Liqxfid-Liqtjid Systems. 
Solvent extraction processes for the 
separation of liquid mixtures containing 
organic and/or inorganic components of 90 
different degrees of polarity _ and f or 
saturation or molecular configuration such 
as the separation of olefins, (^olefins, 
acetylenes, naphthenes, aromatics, alkyi 
phenols, thiophenols, and nitrogen bases *o 
from petroleum or coal tar oil fractions 
as well as their synthetic mixtures with 
one or more selective solvents such as 
sulfur dioxide, furfural, phenols, sulfo- 
lanes, copper-containing solutions, aide- 10u 
kydes, ketones, ethers, esters, amines, 
nitrites, and nitrohydrocarbons ; the 
refining and purification of fatty acids* 
fatty oils, animal and vegetable oils and 
essential oils such as tung oil, linseed oil, lUo 
soy bean oil, lemon oil, resin oil, 
tall oil, and cotton seed oil, with, suit- 
able solvents such, as ethanolamine, fur- 
fural, and sulfolane ; purification of a di- 
alkylamine such as ddsopropylaniine by Ufl 
its separation from the corresponding 
monoalkyl amine and other contaminants 
with, a hydrocarbon "solvent; the extrac- 
tion, concentration and purification of 
antibiotics such as penicillin with, selec- 115 
tive solvents ; the separation of polymers 
with solvents; the separation of epi- and 
di-chlorohydrins from water with, duso- 
propyl ether or other related solvent; and 
many other solvent extraction processes, 
particularly. those wherein a large number 
of extraction stages is required because 
of small differences in solubilities of the 
two substances to be separated in the 
solvent employed for their separation. 125 
Neutralization reactions including 
liquid caustic alkali treating processes 

♦ 
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containing acidic «J» including 
hydrogen sulfide, »«capi ^thenm 

^phenols, ^.rTy contact with 
6 acid*, sulfonic acids, g ^ ludi 
fl queou6 caustic alkali som^ ^ 

0 a attyl phenols or of th>°P tt °* and 

their ^P^&hSS o? Sonic or 
purification Of "»*" e ? ke < ? components, 
iaphthenic acids into their convp 

Acid treating P^ e .f es ^f ^ric acid 

^mpuSe are also mcfuded. 
TV LiQTOT-SoLiD Systems. 

». -sat a 

including cotton aeed s, soy J** { of 
organic solvent,. The JP^at 

proteins, including ^f^nenfs, of 
30 proteins, and other Wooo ^ ^ from 
hormones, vitamins, ana an 4aorbing 
solutions containing them ^y a b 
them on o a solid ad^bent mate t 
separation ol compc tJ BUcb . ^ 

35 from hy^ocarbons, aromatics 

substances. 

V Iiiaum-GAS-SoUD Systems. 
Mineral separation processes such as 
45 froth flotation processes. 



^ - 

^ other blood co—* 5 0 

^T^nHh en? hT&M? 
contaimng them . . dispersing 

tore in a continuous Pj*«*g £ ^ d an 
therein both adsor bingp thb 
immiscible Uquid phase ™?°£ed at W 
adsorbing particles *^ d , Uquid 
the interface between the two 111 

phases. 

vrr LraOTD-LiauiD-Lioun) Systems. 

boiling denser solvent by con^in^^ # 
oountercurrently in an aqueou» 

^hAS^' Samples illustrate the 
*r* f !22rirf several contacting pro- 

££££ S££ v, «. - 70 

this invention. 



Example I- . , ;1 

ing f^o 1 ! 5 ^ Saining different 

P 0111 * f oftJkrTbutyl mercaptan were .5 
amounts ot tertiary i , ... 3N 

conntercurren ly ™^SumM«Bride 

aqueous •'JjftSS contactor 

iB two different sized Ji 

apparatus similar tojnatsnowu * &i &Q 

V. The apparatus °, f .^/oT inches, a 
an effective c o umn height £25*^ a 
stator diameter of the appa - 

inches. The runs were made, ™j t 
following (see Table A. below; u 
throughputs different ^speeds Vere ^ 

following degrees . « ,?f ^ffiicency in 
obtained from 

theoretical stages per foot ^^J,* 
calculated ^ding to the . ^ 
described in the artac e J Dy ^ g5 

StttfSS gasoline phase 
Sled the dispersed phase. • 
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Runs 1 and 2. Bhow that with otherwise 
constant conditions an increase in peri- 
pheral speed to or above the neighbor- 
hood of 2.5— 3 ft, /sec. leads to a dispro- 
portionate increase in efficiency, while & 
firms 3 and 4 illustrate that where the 
peripheral speed is constant and the 
total throughput is increased by about 
50t% the efficiency is increased by slightly 

more than 100%. AV 
A definite " herringbone " pattern was - 
observed in the contactor during each of 
the above runs, except that of Run 1 
which was operated at a peripheral speed 
below that required to obtain a pattern. 

Example II. 
A narrow boiling fraction of petroleum 
alkyl phenols had an initial boiling point 
of 190.5°' C, a final boiling point of 
206.5° 0., a &% distillation temperature 20 
of 197* C, a 50% distillation tempera- 
ture of 199°' C., and a 95% distillation 
temperature of 205° C, An acetylatiou 
test showed that the mixture corresponds 
to about 57% xylenols and ethyl phenols 25 
(comprising substantial amounts of o- 
ethyi phenol, 2,6-, 2,4-, and 2,5-xylenols; 
and 45% of cresols (comprising sub^an- 
tial amounts of all three cresois.K This 
mixture was dissolved in a sufficient 30 
amount of equal volumes of iso-octane and 
benzene to give a solution containing 200 
grams of alkyl phenols per liter of solu- 
tion. The resulting solution was extracted 
countercurrently with aqueous sodium 35 
hydroxide solution containing 2 moles 
per liter of KaOH in a rotary contactor 
similar to that shown in Figure T and 
having a rotor 25 inches long, a rotor 
diameter of 1.476 inches and a stator 4Q 
diameter of 2.185 inches. The solution of 
, alkyl phenols was introduced at the rate 
of .01125 gals. /in. 2 /minute and the 
caustic soda solution at the rate of .0053 
gal./in. £ /minute, the latter being .the 45 
continuous phase. The rotor speed varied 
from 3.22 to 3.65 ft. /sec. Well developed 
" herringbone " patterns were present 
under these operating conditions. 

The xylene! and ethyl phenol content 50 
of the raffinate was 9jE?%, and of the 
extract was 7.9%. '-■ * ■-- 
Example III. 
Several aqueous penicillin' solutions 
were extracted with different solvents in 55 
a rotary contactor of the type shown in 
Figure V having a stator diameter of 2.0 
inches, a rotor diameter of 1.3 inches and 
a length of 41 inches. The column was 
operated at between about 0° C. and fr* C. go 
to prevent decomposition of the penicillin 
in the solution. The following data, in 
which the abbreviation MIBK is used to 
denote methylisobutylketone show the 
recovery and purity of penicillin obtained 65 
from different .solutions under the follow- 
ing conditions: 
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liulmcatiag Oil «.'*:«' 
Feed View** Throughput in 



Column Temp. * C. 
Top Bottom 



Raffinate 
V.I. % Yield 



*. 1 
2 



200 
60 



640 
650 



700 
1075 



88 

-96 



79 
69 



55 
44 



50 
41 



la each of the runs p the above table 
the lube oil was the dispersed phase. 

A " herringbone " pattern waa not 
m onW observed in these runs but also m 
10 °rZ S furfural was the dispersed 

phase. Example VI. . _ „ 

A gaseous mixture of 27.1 vol. %JW> 
and remainder of nitrogen was contacted 

solution containing 15.1% by weignt « 
and eflectiv.e length of liquid therein of 



28 0 inches. The rotor was rotated at a 

of 1395 RPM, the "hgfw- £?» 
ii at the top at a rate of .074 gal-/**- 
and the ga/eous ■xhn^ *' 
the bottom at a rate of .425 «^/g; 
All of the H,S was separated from tne 

N Pomoarative runs were made with the 80 
same gSus mixture but with an aqueous 

Uent solution ^»X^«S5£rt£ 
diethanolamme. -Ue rotary 
employed had a glass stator OA »fg „ 
■« flinmeter and a metal rotor of U.WtfD 
SchWdiameter. The foRowing eon£ 
tions and results of the runs were 
observed : 



Rotor 
40 Speed 



Liq.- Ht. 
in inches 



Inlet gas rate 
ft*./hr. 



Solvent Kate . H 2 S cone, in 
Gal./hr. inlet gas % v. 



Removed 




1240 



0 



33.0 
32.0 



.398 



.039 
.036 



24.5 
29.7 



72.5 
56.5 



A. pattern similar to . that shown in 
T?Wre Villa was obtained when tae 
figure t i"» , , ,240 and 1390 
45 rotor was rotated botn at 

Example vll. ., 
A cracked Ught hydrocarbon gas boil- 
ing below the butane-butylene fraction 
Rft ami containing 2.8 v % acidics 25.2^ 

50 FT «nd 10 v % products soluble m 98% 
U„ ana i« » vo v . SQ - Mn . 

H.SO, containing 3% nre8 . 
enrrently contacted at J^sjterm PJJJ 
mre and room temperature with powderea 
55 2£ U* iu a rotary contactor paving 
a etainlesa steel rotor 0.63 inches £ 
diameter, a glass stator 0.82 
diameter and an effective contact lengtn 
oTS f inches. The rotor was operated at 
60 2200 RPM, aad the gas was fed into the 
contact zone at a ?te «f 120 gms. / nr. x 

Idd. A definite " herringbone pattern 



nrisin- a substantially ymnteiTopted 
annular contact *one formed between two 
Sated atructnres hgBJ^rfj- J* 
T f»vnhition, one inside tne otner aim " 
of conS with each other wl» one 75 
of said surfaces is xotatable relative to 
?he other, and shielding means m at least 
one end of said zones, mounted to permit 
relative rotation betwoen the shield and 
one of said surfaces and spaced from the 80 
other of said surfaces, providing a setthng 
space between the shield and said other 
See. I make no claim herein to a 
method of contacting which involves £e 
me Ti apparatus eluding shielding 85 
mean* to provide an internal eetthng 
™ee as claimed in the said Specifica- 

ti Specification No. 15381/46 (Serial No 
615 479) olaims a method of conducting 90 
I catalytic conversion in a heterogeneous 
mixture of phases which comprises pass- 
£<r the immiscible phases, one of which 
contains ^catalyst, simultaneously and 
in «uitable proportions under react^n 95 
conditions of temperature and P™»«™ 
Srough a reaction zone 
bounded by two spaced relatively 



smooth surfaces " as therein described, 
said reaction zone being of cross-section 
and length, to accommodate the desired 
throughput at the desired velocity Tnth 

5 non-turbulent flow and maintaining 1 a 
condition of eddy flow as therein defined 
in said reaction zone by maintaining said 
boundary surfaces in a relative motion 
which is parallel for any point of one 

10 surface and at least one corresponding 
point of the other surface. I make no 
claim herein to a method of contacting 
two or more substances when the latter 
include a catalyst. 

15 Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is to 
be performed (as communicated to ine 
from abroad), subject to the foregoing 

20 disclaimers, I declare that what I claim 
is » — - 

L A method of contacting two or more 
substances none of which is a catalyst, 
which form at least two phases in contact 

25 with each other, at least one of which 
substances is a fluid, comprising contact- 
ing said substances by passing said phases 
simultaneously, and preferably in 
counter current, into an annular zone 

30 formed between two surfaces of revolu- 
tion, one inside the other and out of con- 
tact with -each other, wherein one of said 
surfaces rotates about its axis at a 
different angular velocity from that of 

35 the other surface sufficient to maintain 
one phase dispersed in the other (con- 
tinuous; phase and to maintain an orderly 
distribution, as hereinbefore defined of 
the dispersed phase in the continuous 

40 phase. . n 

2. The process according to claim i, 
wherein the substances when contacted 
form at least a gas phase and a liquid 
phase* 

45 3. The process according to claim 1, 
wherein the substances when contacted 
form a gas phase and a fluidized solid 

^4! The process according to claim 1, 
50 wherein the substances when contacted 
form at least a liquid phase and a 
powdered solid phase. _ 
. 5. The process according to claim 1, 
wherein the substances when contacted 
55 form at least two liquid phases. t . 
6. The process according to claim 1, 
wherein penicillin is recovered from a 
solution containing it by contact with a 
.solvent at least partially immiscible with 
60 said solution. 

7.. The process according to any. ot 
claims 1- to 6, wherein the dispersed 
phase is caused to form a herringbone 



pattern in "the annular zone. 

8. The process according to any of 65 
claims 1 to 7, wherein the annular zone 

is formed by two coaxial cylindrical sur- 
faces one of which cylindrical surfaces 
rotates about its axis at a different 
angular velocity from that of the other 70 
cylindrical surface. 

9. The process according to any 01 
claims 1 to 8, wherein the inner surface 
rotates about its axis at a greater angular 
velocity than that of the outer surface. 75 

10. 'the process according to # any of 
claims 1 to 9, wherein the relative peri- 
pheral velocity between the two surfaces 
of revolution forming the annular zone 

is greater than 2.5 feet per second, but 80 
is insufficient to produce random turbu- 
lence in said zone. " • ' „ 

11. The process according to any or 
claims 1 to 9, wherein the relative peri- 
pheral velocity between the two surfaces 35 
of revolution forming the annular zone v. 
is greater than 2.5 feet per second, but is 
insufficient to produce flooding in said 

zone. « 

12. The process according to any ot 90 
claims 1 to 9, wherein the inner surface 
rotates about its axis at a speed relative 

to that of the outer surface sufficient to 
maintain the ratio of the angular velocity 
of the inner surface to that of the outer 95 
surface greater than the square of the 
ratio of the radius of the outer surface to 
the radius of the inner surface at any 
section through the zone. 

13. The process according to any ot 10U 
claims 1 to 11, characterized by the fact 
that a dissimilar substance which 
changes "the surface- active properties of 

the fluid mixture in the annular zone is 
added thereto. . 105 

14. Penicillin whenever obtained or 
recovered by a process according to claim 

15. The process according to claim 1, 
wherein the outer surface is stationary 110 
and the inner surface, rotates -about its 
axis at an angular velocity sufficient to 
maintain the product of its peripheral 
velocity times the annular clearance 
between said surfaces of revolution at any 115 
section through the zone divided by the 
kinematic viscosity of the fluid mixture 

in the zone greater than 2500. 

Dated the 5th day of February, 1946. 

ELKINGTON & FIFE, 
Consulting Chemists and Chartered 
Patent Agents, 
Bank Chambers, 
329, High Holborn, London, W.C.I, 
Agents. for the Applicant. 
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